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134 stored at -80ºC until analysis. Previous clinical reports indicated that there is no a 135 significant effect in the rate of embryonic vesicle growth between mares inseminated 136 with fresh or frozen-thawed sperm if both are inseminated post-ovulation [24] . 148 Scientific, Waltham, MA USA). The raw reads were aligned to a horse transcriptome 149 generated using ENSEMBL (Equ Cab 2 version) in the Torrent server with proprietary 150 ThermoFisher algorithms. Then, custom scripts were used to transform reads into 151 transcript counts, and transcripts per kilobase million (TPM) scores for each gene were 152 retrieved. A gene was considered expressed if the reads per kilobase or transcript model 153 per million mapped reads was > 0.4. In order to evaluate gene expression differences 154 between treatments (FRSH or CRYO embryos), we calculated two thresholds: first, we 155 calculated the random TPM differences between FRSH and CRYO embryos by 156 permutation of the TPM gene scores. Then we chose the genes whose expression 157 difference between the two conditions was higher than in 95% (P<0.05) or in 99% 158 (P<0.01) of the random cases. As a second score, we used a fold change  2 as a 159 threshold in order to avoid expression biases in the selection of the candidate genes.
161 Gene Ontology and pathway analysis
162 163 The annotations of the candidate genes selected after the RNA-seq analyses were 164 explored to detect significant differences in molecular pathways between treatments.
165 Specifically, the DAVID webserver [25] was used to retrieve the terms (gene ontology, 166 up-expressed tissues, KEGG and reactome pathways, protein-protein interactions, etc) 167 with significant over-presence of the candidate genes, using a false discovery rate 168 (FDR) < 0.05. We used the human genome as reference for the analysis because of its 169 increased depth in terms of annotation. (Fig 2b) . STRING analysis revealed no significant enrichments in functional 198 networks for transcripts with increased abundance.
200
Transcripts showing decreased abundance provided more information, with 129 201 transcripts annotated in the equine database. The complete list of transcripts is presented . In our study 406 we also found that genes for cytoskeleton components tubulin alpha 1 a, tubulin beta 2 407 class II a and actin, cytoplasmic 1, N-terminally processed were downregulated in 8-408 day CRYO embryos.
409
Cryopreservation may also directly affect the epigenome of the paternal DNA;
410 recent studies have shown that cryopreservation increases the level of DNA methylation 411 in equine sperm [10] and the expression of genes important to intracellular regulation of 412 epigenetic status [37] . Notably, we also found significant reduction in abundance of 413 transcripts for histones in CRYO embryos.
414
The finding that many differentially regulated genes in CRYO embryos are 415 orthologs of mouse genes that have knockout database annotation terms related to 416 reduced embryonic viability provides further evidence linking cryopreserved sperm to 417 reduced embryonic viability. These annotations consistently appeared on analysis of 418 low-abundance transcripts in all CRYO embryos, and included genes related to 419 embryonic growth retardation and embryo lethality. Interestingly, annotations related to 420 male and female infertility were also present; this warrants further investigation on the 421 effect of sperm origin on the fertility of resulting offspring.
422
In summary, the present study provides for the first time transcriptomic analysis 423 of equine embryos in relation to the handling of semen used for their production. Our 
